INTRODUCTION

Short circuit and coordination of protection devices
In order to place and set switching and protective devices in electrical power distribution systems, one has to have short circuit currents calculated for various network busses, including symmetrical and unsymmetrical short circuit currents. Moreover one has to take into account pre-fault conditions, when the distribution network might operate in an unbalanced way, since there are some single phase and double phase distribution transformers along the feeder.
In order to determined short circuit currents, the following parameters have to be considered: -positive and zero sequence impedances for the network cables; -winding connections and grounding impedances in power transformers;
-positive and zero sequence impedances that represent the transmission and generation systems upstream; -fault impedances; -type of short circuit to be calculated.
Although they are important for short circuit calculations, this work does not take into account pre-fault conditions, since their influence on voltage sags estimation is not extremely high [7] .
Application of distributed generation (DG)
The advantages in applying distributed generation are diverse and well known. The energy production near where it is consumed obviously reduces the network losses and the need for news expansion transmission and distribution lines.
However, the utilisation of DG is not only advantageous. Amongst the disadvantages, one can stress the complexity regarding a local dispatch, and some major changes in the way distribution networks operate, are protected and controlled.
Coordination of protection devices
DG units alter significantly the way voltage regulation is managed in distribution systems.
During emergency conditions, when a medium voltage circuit breaker opens, an entire primary feeder faces energy interruption. Such situation generally imposes DG units to be disconnected from the system. The same procedure must be carried out when reenergizing the system. Islands are commonly not accepted in such operations, either when opening or closing circuit breakers.
The protection and control systems must disconnect the DG units, mainly to preserver their integrity.
In order to include these procedures in the developed model, a coordination matrix was defined. Such matrix can be devised from short circuit studies, and relates the switching and protective devices with network blocks that are subjected to interruption.
Since most distribution networks are radial, all protection and switching devices that might operate are easily identified and arranged in specific memory lists. That is, all the switches and protection devices on the way between the fault point and the
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substation site or between the fault point and distributed generation unit. The short circuit contributions that flow through protection devices are easily computed from the impedance matrix method, that evaluates the Thevenin impedance in the fault point and transference impedances to all busses in the system. 
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lues are associated to ach fault type as shown in figure 1. In case the fault is not yet isolated, the switch or protection device is opened and the short circuit currents are then computed for the new network configuration. This process is repeated until the fault is isolated. Normally, in longer duration events, the protection of DG units is first operated and then the network protection isolates the fault. The coordination matrix, in this case, can be form
Impact of DG units on voltage sags
In electrical power systems, short circuit currents are directly related to the short circuit power, that is the lower the Thevenin impedance i short circuit current.
When a DG unit is added to the system, the short circuit power is increased, and therefore short circuit currents are higher. As a consequence, voltage sags caused by faults in the network are also affected. Voltage sags are generally less severe along the system when com d
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In this paper statistical method of Monte Carlo was used. This method simulates different short circuit cases (events) in the distribution network and assesses vo b By using the Monte Carlo method, the follow a a) Fault location in the feeder: the location is determined according to a fault occurrence probability distribution. Different probability distributions are available to be considered, and the diversity of areas can be represented by assuming different failure rates associated to network branches. When the failure rate (failures/km/year) is equal t a b) Fault type: the method considers the following faults: phase to ground, double phase, double phase to ground and three phase. Different probability va e The fault impedance rages from 0 to a maxim to the fault type, as shown in Table 1 . Table 1 
RESULTS
A primary feeder as shown in figure 3 was chosen to illustrate the impact of DG units on the proposed short duration voltage variation indices. This feeder has 5.32 km length, 118 busses, 1 circuit breaker, and a failure rate equal to 1 interruption per year and km.
A set of 10000 simulations were executed to reach the stability of the Monte Carlo method.
The 2MVA DG unit (0.00968Ω impedance) was allocated in the very end of the feeder. The Monte Carlo simulation method was executed for both cases, that is without and with the DG unit. The consideration of DG units show a better performance of the system, since the expected number of voltage sags per year was reduced to ost busses, as shown in figure 4 . m 
